
Enabling(Physics(insight(
with(Mul2dimensional(
Computer(Simula2ons(

(

Alice E. Koniges
Berkeley Lab/NERSC

SC14 Panel
November 16, 2014




Neutralized Drift Compression Experiment (NDCX-II)  

Mathema2cs(+(Algorithms(for(a(new(Mul2physics(
Simula2on(Code(applied(to(large(experiments(
(

NIF  

CYMER EUV Lithography System  

LMJ$



History:(Predic2ve(calcula2ons(needed(for(
op2cs(and(diagnos2cs(protec2on(on(NIF(

1.1$mm$

Damage$to$debris$shields$



Problem:(Tradi2onal(ALE(codes(
complicated(and(crashed(for(lateG2me(

simula2ons(
Tradi2onal(ALE( Newly(Designed(ALEGAMR(



Led(a(project(to(design(a(new(3D(mul2material(ALE(+(AMR(
code(including(substan2al(new(physics 

• $3D$ALE$hydrodynamics$

• $AMR$(use$3X$refinement)$

• $With$6$levels,$vol$raEo$107$to$1$

• $MulEHMaterial$(interface$reconstrucEon)$

• $Anisotropic$stress$tensor$
• Tabulated$EOS$and$opaciEes$
• $Material$failure$with$history$

• $Laser$ray$trace$and$deposiEon$
• $Ion$deposiEon$
• $Thermal$conducEon$

• $RadiaEon$diffusion$
• $2D$Axisymmetric$capability$

• $AMR$with$3X$in$only$1$direcEon$$

• $Surface$tension$$

SimulaEon$of$soS$xHrays$striking$foil$$$

ALEHAMR$is$an$open$science$code$that$runs$

at$various$compuEng$centers$including$

NERSC$and$has$no$export$control$restricEons$



Multimateral ALE + AMR; including anisotropic stress 
tensor!
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= • EOS(tables(
• Various(gas(laws(

Radiation Diffusion added via an operator splitting method !



ALEGAMR(was(used(to(model(the(late(2me(proper2es(of(
HEDLP(targets(shot(for(Na2onal(Igni2on(Campaign((450(M$(
per(year,(4B$(to(construct)(

Materials at end of laser pulse 

Refinement 
Levels 

Patch boundaries shown 

Time = 220 ns 



ShockCom materials 
at end of laser pulse 

Density 216 ns after end of laser pulse 

ρ(>(0.5(g/cm3(

Mul2material(interface(reconstruc2on(+(AMR(allows(fast(and(
accurate(modeling(of(complex(targets(



Molten$Al$in$a$Keyhole$wedge$simulaEon$expands$and$

drops$in$density$in$a$divergent$velocity$field(
t = 116 ns t = 235 ns 

Need to estimate droplet sizes in divergent velocity fields motivated effort 
on surface tension  



Simula2ons(showed(that(xGray(loading(in(ini2al(design(
damaged(thin(samples(and(2lted(redesign(protects(samples(
from(xGrays(and(fast(debris(wind(from(target((
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Redesigned Sample Holder 



Some(stuff(about(me(
•  1st$Woman$to$get$a$PhD$in$

Applied$MathemaEcs$at$

Princeton$

•  Approximately$100$Papers$and$

1000$CitaEons$

•  PI$on$a$few$million$dollars$of$

research$grants$

•  Raised$3$Kids,$have$a$physicist$

spouse$(34$years)$

•  Worked$part$Eme$a$bit$–$but$

don’t$tell$anyone$!$

•  Had$9$postHdocs$in$last$6$years$

•  Try$to$make$Eme$to$–$ride$my$

horse,$do$an$occasional$sprint$

triathlon,$play$piccolo$



Leader/PI,$Petascale$IniEaEve$in$ComputaEonal$

Science$and$Engineering((

G(12(G(



Teaching,(mentoring,(recrui2ng(and(
public(outreach(

Program(Commi_ees(



Working(in(the(community(
•  Scien2fic(Programming(

– Guest(Editor(
•  Computa2onal(Science(
and(Engineering((
–  Invited(LeadGoff(chapter(

•  Interna2onal(Journal(of(
High(Performance(
Compu2ng(
–  (Associate(Editor(



ComPASS!
SciDAC-3!

Scalable'Arbitrary-Order'Pseudo-Spectral'Electromagne9c'Solver''
J.-L.'Vay1,'T.'Drummond1,'A.'Koniges1,'B.'B.'Godfrey1,2,'I.'Haber2'

1Lawrence'Berkeley'Na9onal'Laboratory,'2University'of'Maryland''
fds 

SUMMARY:(While&pseudo,spectral&methods&have&been&popular&in&the&early&PIC&codes,&the&finite,difference&<me,domain&method&has&become&dominant&with&the&rise&of&massively&parallel&compu<ng&owing&
to&its&locality&advantage&that&lends&to&message&passing&that&is&limited&to&neighboring&processors.&Recently,&a&novel&paralleliza<on&strategy&was&proposed&[1]&that&takes&advantage&of&the&local&nature&of&
Maxwell&equa<ons&that&has&the&poten<al&to&combine&pseudo,spectral&accuracy&with&finite,difference&favorable&parallel&scaling.&In&this&talk,&we&will&present&the&latest&developments&in&the&implementa<on&
of&spectral,based&solvers&in&Warp&and&discuss&our&latest&findings.&&

Context! Novel(Paralleliza7on(Concept!

*J.,L.&Vay,&I.&Haber,&B.&Godfrey,&J.!Comput.!Phys.&243,&260,268&(2013)&

Explana9on'on'single'Kronecker'pulse&

Scaling(Study!Arbitrary(Order(FDTD+PSTD(Enables(Tunable(Solver!

''
'''''''''''''''''''''''''''''''''''''''''global''''''''''''''''''local''

'e.g.&OpenMP&&&&&&&&&&&&&&&&&&&&&&&&&&&&+&MPI&

Ul9mate'flexibility'is'provided'by'run9me'auto-tuning''
of'order'of'accuracy'vs'locality'and'mul9-level'

concurrency'for'a'given'architecture''
'

Step'1:'mul9ply'wave'numbers'by'func9on'to'emulate'
FD'stencil'at'any'order'

–  k*=g(k,n)×k&

Step'2:'rewrite'equa9ons'in'matrix'form'to'enable'
arbitrary'9me'step'via'pre-computed'subcycling'
&
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) red:&FDTD&
Blue:&PSAOTD&(order=2,&N=1)&
Black:&PSAOTD&(order=2,&N=4)&

FDTD'converges'to'PSTD'when'order'goes'to'infinity''
and'PSATD'when'9me'step'goes'to'zero.'
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PSAOTD&(order=64,&N=10)&

PSATD&

FDTD'converges'to''
PSTD'when'order'goes'to'infinity''

and'PSATD'when'9me'step'goes'to'zero.'

Flexible'order'of'accuracy'and'subcycling'of'9me'steps'enable'control'of'locality'
'

PSAOTD&equivalent&to&FDTD&at&low&order&
to&machine&precision&

'

PSAOTD&enables&extreme&accuracy&in&
space&and&<me&while&preserving&locality&

Strong scaling of new pseudo-spectral solver 

Finite 
Difference 
  
 
 
Pseudo-Spectral 
 
 
Ideal FD 
 
 
Ideal P-Spectral Edison (NERSC) 

Median values 

number of cores 

Hopper (NERSC) 

Strong&scaling&of&Warp’s&spectral&PIC&solver&on&a&test&problem&of&a&4,096x4,096&2,D&
plasma&with&periodic&boundary&condi<ons&and&64&macropar<cles/cell&

Finite 
Difference 
  
 
 
Pseudo-Spectral 
 

Hopper (NERSC) Edison (NERSC) 
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Performance&variability&for&different&runs&of&&the&solvers&in&Warp&on&Hopper&and&
Edison.&Performance&plots&are&rela<ve&to&the&best&run<me&per&configura<on.&

number of cores number of cores 

number of cores 

Hopper&is&a&Cray&XE6&with&6384&nodes.&The&nodes&have&two&twelve,core&AMD&
'MagnyCours'&2.1,GHz&processors&per&node,&24&cores&per&node&(153,216&total&
cores)&Peak&Gflop/s&rate&is&8.4&Gflops/core.&A&single&given&compute&node&is&always&
allocated&to&run&a&single&user&job;&mul<ple&jobs&never&share&a&compute&node.&
&
&Edison'is&a&Cray&XC30&supercomputer&with&5,576&computes&nodes,&133,824&cores&
in&total.&It&has&5576&nodes.&Each&node&has&two&sockets,&each&socket&is&populated&
with&a&12,core&Intel&"Ivy&Bridge"&processor,&or&24&cores&per&node.&

number'of'cores'

Strong&scaling&of&the&Parallel&Pseudo,Spectral&Solver&
based&on&domain&decomposi<ons&vs.&A&global&

domain&FFT&on&NERSC’s&Hopper&

SOLVERS((see(Poster)(AND(THIS(SESSTION(:(
THANKS(TONY(DRUMMOND(


